Aim: The aim of this study was to systematically describe the gender and ethnic differences regarding the prevalence of general/central obesity and cardiovascular disease (CVD) risk factors such as diabetes mellitus type 2, hypertension, and hypercholesterolemia among the indigenous and immigrant Pakistani communities. Methods: The search engine used was PubMed, supplemented with regional data from the Medical Institutes of Pakistan. The focus was on the adult Pakistani population (18 years and older). Results: We found only 7 studies among the immigrant Pakistani community and 24 studies among the indigenous Pakistani community. The studies had limitations such as low participation rates and use of self-reported data. There is a higher prevalence of central obesity among women (42.2%) than among men (14.7%) (National Health Survey of Pakistan). Certain ethnicities such as Muhajir and Baluchis showed a higher prevalence of cardiovascular risk factors when compared to other ethnicities in the indigenous Pakistani population. The results also indicate that the prevalence of obesity is 10-20% higher among the immigrant Pakistanis than in the indigenous Pakistanis. Conclusion: The relatively high prevalence of obesity and associated CVD risk factors (especially in women) among both indigenous and immigrant Pakistani populations require the attention of the healthcare professionals and policy makers, both inside and outside Pakistan.
Introduction
The epidemic of obesity is marked by alarming proportions globally [1] . It highly contributes to the burden of non-communicable diseases in general and cardiovascular disease (CVD) in particular [2, 3] . The increasing trend of general and central obesity and associated morbidities (particularly glucose intolerance, diabetes mellitus type 2, dyslipidemia and hypertension) are also observed in South Asian populations [4, 5] . As a consequence, South Asians contribute to the highest proportion of the CVD burden globally [6] .
Migration and acculturation are associated with an increase in obesity and in diet-related chronic diseases [7] . Several studies have documented an increase in obesity among the immigrant groups with longer stay in the Western countries [8] [9] [10] . In addition, there are studies from the UK which show an elevated risk of diabetes type 2 and coronary heart disease among immigrants from South Asia [11] [12] [13] .
There are indications of differences in the prevalence of obesity and CVD-related risk factors among different South Asian ethnicities [14] . For example, Bhopal et al. [15] showed differences between Pakistanis, Indians and Bangladeshis regarding the prevalence of coronary heart disease risk factors in the UK; obesity was more prevalent in Pakistanis and Indians than in Bangladeshis. There are vast regional, ethnic, and religious divisions between the people of South Asia and the differences in disease risk and outcome may reflect this diversity. However, most of the studies which have reported on obesity and CVD have classified the South Asian population living in Western countries as one group [15] .
Pakistan is one of those countries in South Asia, hosting a population of 170 million with large ethnic and linguistic divisions. Pakistan is administratively divided into four provinces, i.e. Punjab, Sindh, Baluchistan, and Khyber Pakhtunkhwa (KP), previously known as North-West Frontier Province (NWFP). The official estimates state that there are 100,000 deaths per year in Pakistan from CVDs which account for 12% of all-cause mortality [16] . A population-based study among persons 40 years and older found a prevalence of CVD of 26.9% in Karachi, Pakistan [17] . A study also showed that Pakistan ranks sixth globally regarding the number of persons with diabetes in a report entitled 'Capitalizing on the Demographic Transition: Tackling Non-Communicable Diseases in South Asia' submitted to the World Health Organization in 2011 [18] .
Aim of the Study
Obesity along with diabetes mellitus type 2, hypertension, and hypercholesterolemia could be an important contributor to the high burden of CVDs among the Pakistanis (both indigenous and immigrant) ( fig. 1 ). The increase in obesity and other CVD risk factors among the South Asian immigrants with an increasing length of stay in Western countries generates an interest to compare the prevalence of obesity-related CVD risk factors between the indigenous and the immigrant Pakistani community.
The aim of this systematic review is to answer the following research questions: i) What are the gender and ethnic differences in terms of obesity-related CVD risk factors among the Pakistanis?
ii) What is the effect of migration on Pakistanis regarding obesity-related CVD risk factors?
Search Strategy and Data Sources
The database used was PubMed ( www.Pubmed.com ). Reference lists of relevant articles and reviews were used to trace the key publications. Furthermore, we contacted the Medical Institutes of Pakistan to extract the data published in the local journals. The literature search was also extended to the Urdu language on the presumption that there might be some literature in Urdu on CVDs among Pakistanis. For keywords and MeSH used for conducting the search please see http://content.karger.com/ProdukteDB/produkte. asp?doi=357176 . 
Procedure
Titles and abstracts were assessed by the first author (QR). The selected articles consisted only of original research with no abstracts, comments, or reviews. One of the other authors (MN) helped in assessing the titles and abstracts. In a second selection, full-text articles were assessed. Two other authors (CD and AK) helped in assessing the full-text articles. The authors assessed the selection procedure of the studies, and in the case of discordance the selection was discussed.
Quality of Studies
The quality of the studies was assessed on the basis of sample size, response rates, and the way of measurement (measured/self-report) (supplemental table 1 available at http://content.karger.com/ ProdukteDB/produkte.asp?doi=357176 ). The studies with a response rate of less than 33% and containing self-report were assessed as low-quality studies. This method has earlier been used by Ujcic-Voortman et al. [19] in a systematic review.
There is no precedence in the literature to qualify a study as 'low-quality' based on the sample size; there is no limit for maximum and minimum sample size. A general rule of thumb is that the more the better as long as there is no selection bias. Sample size is calculated to get an accurate and a precise account of the population. We are making an effort to provide a wide cut-off point for determining a 'low-quality study' in a review. Therefore, we arbitrarily decided that studies having a sample size less than 100 are 'low-quality studies'.
Results
The search in PubMed produced 1,489 articles. In addition, a recent conference report was received from Agha Khan Medical University which provided data on CVD and the associated risk factors among the South Asians as well as Pakistanis [18] . There was no literature available in the Urdu language on the prevalence of CVD risk factors. After assessing the abstracts and titles, 1,439 studies were excluded. Thus, 50 full-text articles were deemed suitable for inclusion. After assessing these full-text publications, 31 articles were finally included in the systematic review ( fig. 2 ). There were 24 studies among the indigenous Pakistani population and 7 studies among the immigrant Pakistani population.
Study Characteristics
The studies included in this review varied greatly in terms of location, sample size, response rates, and reporting of gender differences. Most importantly, the definition for the CVD risk factors, namely diabetes mellitus, hypertension, overweight/obesity/central obesity, and hypercholesterolemia, varied in different studies.
Supplemental table 1 shows the study characteristics among the indigenous Pakistani population. Most of the studies were conducted in Karachi (a city in the Sindh province); the city with a population of approximately 18 million [20] encompassing a wide variety of ethnic, religious, and socioeconomic groups. In most of the studies, men had quite a low representation as compared to women.
Supplemental table 1 shows the study characteristics among the immigrant Pakistani population. We only found 7 studies among the immigrant Pakistanis, all of which were conducted in the UK and in Norway.
Prevalence of CVD Risk Factors among the Indigenous Pakistani Population
The studies among the indigenous Pakistani population were of varying quality. The national surveys (National Health Survey of Pakistan (NHSP) and Pakistan National Diabetes Survey (PNDS)) conducted in Pakistan had a large sample size and high response rates; in addition, the subjects were directly measured for their CVD risk factors (supplemental table 1 ). The national surveys are quite representative of the Pakistani population. Three studies were rated as 'low-quality' because of the use of self-report only (supplemental table 1).
Supplemental table 2 (available at http://content.karger.com/ProdukteDB/produkte. asp?doi=357176 ) shows the prevalence of obesity among the indigenous Pakistani population. In all studies, central obesity was defined as a waist circumference (WC) > 90 cm in men and a WC > 80 cm in women. In studies that reported results stratified according to sex, the prevalence of central obesity was higher among women than among men: In the NHSP, central obesity was 42.2% among women compared to 14.7% among men ( fig. 3 ) .
Supplemental table 2 also shows that the levels of overweight and obesity as characterised by BMI varied in different studies due to differences in the cut-off points used. On this basis, gender differences were less consistent in terms of BMI.
Supplemental table 3 (available at http://content.karger.com/ProdukteDB/produkte. asp?doi=357176 ) shows the prevalence of diabetes mellitus type 2; the rates reported vary greatly and there are no clear gender differences observable. However, it is clear from this table that urban populations have a higher prevalence of diabetes than rural populations (PNDS) [21] .
Similar to other outcomes, the prevalence of hypertension (supplemental table 4 , available at http://content.karger.com/ProdukteDB/produkte.asp?doi=357176 ) varied in different studies, from as low as 4.1% (Muhajir men) to as high as 44 .9% (women living in Karachi). There were no consistent gender differences regarding the prevalence of hypertension, although a higher prevalence among the women (44%) than in men (21.8%) was reported by a study in Karachi; however, this outcome was based on self-reports [22] .
Supplemental table 5 (available at http://content.karger.com/ProdukteDB/produkte. asp?doi=357176 ) reports wide variations in the prevalence of hypercholesterolemia and indicates a higher prevalence among women (14.6-38.1%) than in men (10.1-31.3%).
Furthermore, supplemental tables 2-4 show ethnic differences (NHSP). Women of Muhajir and Sindhi ethnicities had a higher mean WC than women of other ethnicities ( fig. 4 ), while Muhajir men had a higher mean WC than men of other ethnicities. Muhajirs had a higher prevalence of diabetes than other ethnicities ( fig. 5 ), which is in line with a higher mean WC among Muhajirs than other ethnicities. There were no clear gender differences between different ethnicities regarding the prevalence of diabetes. The Baluchi ethnicity showed a higher prevalence of hypertension than other ethnicities ( fig. 6 ). Furthermore, supplemental table 3 shows that people living in the Sindh province had the highest prevalence of diabetes when compared to other provinces (PNDS). It is important to note that Sindhi and Muhajir ethnicities, which had the highest means for WC and a higher prevalence of diabetes in comparison with other ethnicities, mainly reside in the Sindh province.
Prevalence of CVD Risk Factors among the Immigrant Pakistani Population
The studies among the immigrant Pakistani population were also of varying quality. The nationally representative surveys of England as well as the Oslo Immigrant Health Studies had a large sample size. We found no studies among the immigrant Pakistanis that described ethnic differences within the Pakistani community.
Supplemental table 6 (available at http://content.karger.com/ProdukteDB/produkte. asp?doi=357176 ) shows the prevalence of CVD risk factors among the general immigrant Pakistani population. Generally, women had a higher prevalence of obesity, diabetes, and hypertension than men whereas men showed a higher prevalence of hypercholesterolemia and low high-density lipoprotein cholesterol than women. One study by Zahid et al. [23] compared the prevalence of obesity of indigenous Pakistanis to the immigrant Pakistani population living in Oslo, Norway. The results of this study showed a higher prevalence of obesity among the immigrant Pakistanis than among those living in Pakistan ( fig. 7 ) . However, the indigenous Pakistani community was more hypertensive but had lower cholesterol levels than Pakistani immigrants living in Oslo. 
Discussion
We found clear differences in the prevalence of obesity and cardiovascular risk factors in the Pakistani population according to sex, ethnicity, rural or urban residence, age, and immigrant status. The prevalence of overweight/obesity, diabetes mellitus type 2, hypertension, and cholesterol/lipids varied in different studies among Pakistani indigenous and immigrant groups due to the difference in their definition/cut-off points.
Prevalence of CVD Risk Factors among the Indigenous Pakistani Community
There were consistent results regarding the high prevalence of central obesity in different regions of Pakistan but we found inconsistent results regarding the prevalence of overweight and obesity based on BMI.
Differences between Men and Women
The NHSP (conducted in 1994 in Pakistan) shows that the prevalence of central obesity was particularly higher among the women than among the men [24] . There is also a higher prevalence of hypercholesterolemia among women than among men in the indigenous Pakistani population. The reasons for these differences are not clear, although gender differences regarding the dietary consumption patterns have been reported in some studies carried out among immigrant Pakistanis [25] . Nonetheless, there is a need for more studies to investigate gender differences in lifestyle among both the indigenous and immigrant Pakistani populations.
Differences on the Basis of Ethnicity
The NHSP also highlights some important ethnic differences. The Sindhi and Muhajir ethnicity show higher means of central obesity while the Baluchi ethnicity shows a higher prevalence of hypertension than other ethnicities. According to the NHSP, the Muhajir ethnicity also shows a higher prevalence of diabetes than other ethnicities.
These differences may be related to different lifestyles and socioeconomic status among the different ethnicities living in Pakistan. Both the Sindhi and Muhajir ethnic groups live predominantly in the Sindh province. Sindh has a highly diversified economy ranging from heavy industry and finance centred in and around Karachi to a substantial agricultural base along the Indus. Karachi, the capital of the Sindh province, is the economic hub, the largest city, and the main seaport and financial centre of Pakistan. According to the census of 1998, Muhajirs constitute almost 48% of the total population of Karachi [26] . They are mostly involved in business and industry and generally belong to the higher socioeconomic class.
The Baluchi ethnicity lives in Baluchistan which is the least economically developed province of Pakistan. Baluchistan is situated in the southeast of Pakistan, constituting 44% of the country's total land mass and making it Pakistan's largest province by area but smallest in terms of population. The main source of income is the extraction of exhaustible natural resources, animal husbandry, and fish farming.
As a result, ethnic differences in CVD risk appear to reflect the differences in economic development and socioeconomic conditions. Untangling the contribution of socioeconomic factors to the ethnic differences regarding disease risk warrants more research.
The PNDS has also shown provincial differences in terms of diabetes prevalence; e.g., the province of Sindh shows a higher prevalence of diabetes than other provinces. These differences could be accounted for large linguistic, socioeconomic, and cultural differences among the four provinces of Pakistan.
Rural and Urban Differences
The PNDS was conducted from 1994 to 1998. The survey showed a higher prevalence of diabetes among the urban than among the rural population and is consistent with reports that CVD risk factors worsen with urbanisation [5] . This could be due to the change in lifestyle including diet after urbanisation. There is also credible evidence from the other populations in terms of differences in urban/rural and immigrant populations regarding the prevalence of overweight/obesity. For example, Agyemang et al. [27] showed a higher prevalence of obesity in Dutch-Ghanaians than in the indigenous Ghanaian population while the urban Ghanaians were more obese than the rural ones.
Differences on the Basis of Age
Differences in overweight and obesity described in the different studies reported here could be influenced by demographic differences in the age distribution of the populations studied. For example, due to a longer life expectancy, women are likely to be older than men, and this may explain the higher prevalence of obesity. Furthermore, immigrants of Pakistani origin may also have a higher life expectancy than their counterparts living in Pakistan, and this may also explain the differences found here. The studies on hypertension in this metaanalysis showed that older populations have a higher prevalence of hypertension than younger populations. A review article from Pakistan also reported that every third person in Pakistan above the age of 45 years suffers from hypertension [28] .
Prevalence of CVD Risk Factors among the Immigrant Pakistani Community
The trend of a high prevalence of CVD risk factors also extends to the immigrant Pakistani population. Although there exists insufficient research into the immigrant Pakistani community, the few available studies have already shown the negative risk profile for immigrant Pakistanis in terms of prevalence of CVD risk factors. The national surveys conducted in Pakistan cannot be directly compared to the health surveys in England and the Oslo Immigrant Health Studies due to the different years the surveys were conducted in. However, Zahid et al. [23] showed that the prevalence of obesity was almost 10-20% higher in the immigrant Pakistani population living in Norway than in the indigenous Pakistani population. Thus, it seems that immigrant Pakistanis show a higher prevalence of obesity than indigenous Pakistanis. More comparative studies are needed between the indigenous and the immigrant Pakistanis in order to provide an insight into the effect of migration on the exposure to chronic disease risk factors among the immigrant Pakistanis.
Previous studies have shown that migration normally results in a worsening of the risk for CVD risk factors [7] . South Asians have shown a high prevalence of obesity and metabolic syndrome, as observed in a review [29] . Moreover, migration to Western countries might increase the risk for prevalence of obesity and CVD risk factors. An analysis of data from the UK indicates that Pakistani immigrants show a higher prevalence of CVD risk factors than other South Asian groups, namely immigrants from India [30] . Migration plays an important role in altering health due to the change in environmental and socioeconomic milieu, and ultimately lifestyle. For example, previous literature has reported a consumption of ghee among the immigrant South Asian community [31] , which could provide an explanation for the higher prevalence of hypercholesterolemia and obesity among South Asian immigrants. A study from Oslo has also shown an increased consumption of oil and meat among the Pakistani immigrants living in Norway's capital [32] .
Quantity and Quality of Literature
Most of the literature among the indigenous Pakistani population comes from Karachi, which could also be posed as a limitation due to the unavailability of data from other regions of the country. Karachi is a big metropolis consisting of a diverse population with people coming from different backgrounds and ethnicities. However, this data is not sufficient enough to draw sound conclusions about the whole Pakistani population; thus, more studies in different regions of the country are needed.
There is a dearth of literature on immigrant South Asians, including the Pakistani population. Bhopal et al. [15] state that 'the heterogeneity of South Asian population is rarely acknowledged in terms of coronary heart disease'. There is a vital need for more studies among the Pakistani immigrant population, taking into consideration their ethnic subdivisions.
The studies conducted thus far pose some important limitations. Apart from the large surveys, there is often a problem of small sample size. Another limitation is the use of selfreported height and weight data, which can lead to an underestimation of obesity prevalence rates [33] . Finally, some studies do not mention the year the survey was carried out, which hampers drawing sound conclusions.
Future studies among the Pakistani population should have a strong focus on enhancing response rates; more data is especially needed for men. The data should be collected via objective methods, such as physical examinations. Differences in the design of the studies, such as sampling methods, the use of fasting versus non-fasting blood samples, or different cut-off points, may also have affected the results. Other data sources such as medical records of general practitioners and hospital discharge records may also add valuable knowledge on CVD (risk) among these groups.
This study has some limitations which need to be considered. We made every effort to include all major publications on CVD risk prevalence among the Pakistani community. Our results may have been influenced by publication bias, meaning that not all relevant studies may have been included.
Conclusion
The results of this study show that the Pakistani population frequently has risk factors for CVD, wherever they live. In particular, women appear to have a higher risk than men, and this gender difference is even more important in immigrant populations where the risk is highest. Public health interventions are needed to address these health concerns in women of Pakistani origin. Other differences within and between the Pakistani populations could be explained by socioeconomic factors related to lifestyle, in which case these risk factors are potentially modifiable through interventions. However, confirmation of these findings is necessary before specific intervention strategies are tried out. Formative research is needed to confirm that these results are not confounded by differences in population and that age structure is related to an increasing life expectancy.
